INTRODUCTION
Anti-retroviral therapy (ART) has enabled longterm inhibition of HIV replication and maintenance of adequate immune levels (Antiretroviral Therapy Cohort Collaboration, 2008) . Good adherence to medication is essential for successful outcome, such as viral suppression, prevention of viral relapse (Gross et al., 2006; Mills et al., 2006; Parruti et al., 2006) and prevention of viral modification. Successful viral suppression would also achieve HIV secondary transmission from people living with HIV (PLWH) to others (Bangsberg, 2008) . Despite these benefits of ART, there are many barriers to maintain good adherence: drug side effects, and the stigma or burden related to taking medication in public (Altice, Mostashari, & Friedland, 2001; Mannheimer et al., 2005) .
PLWH need to develop self-care behaviour for good adherence to medication. Furthermore, PLWH should learn various disease management strategies other than medication adherence, such as prevention of HIV transmission, maintenance of mental health, physical symptoms and self-monitoring (Chou & Holzemer, 2004; Crepaz et al., 2006; Gifford, Laurent, Gonzales, Chesney, & Lorig, 1998; Gifford & Sengupta, 1999) . So the care system aimed to provide continuous support for PLWH to help them deal with the problems of ART adherence and other self-management behaviour in outpatient clinic is very important (Frick, Tapia, Grant, Novotny, & Kerzee, 2006; Rueda et al., 2006; Simoni, Pearson, Pantalone, Marks, & Crepaz, 2006) . Educational practices delivered by nurses are important in helping PLWH acquire self-care behaviour (BattaglioliDeNero, 2007; Kalichman, Cherry, & Cain, 2005) . Thus, active training and allocation of HIV-specialized nurses are essential for superior HIV care.
In Japan, health care for PLWH is provided at the AIDS Clinical Center (ACC) and area hospitals specializing in AIDS treatment, which called AIDS Core Hospital (AIDS-CH). The ACC has a leadership role in treatment, research, and education about HIV/AIDS and employs coordinating nurses who specialize in the treatment of PLWH. The role of ACC coordinating nurse are to educate or give advice to PLWH and their families with counseling mind and to support PLWH's decision making as a member of HIV/ AIDS medical team. Previous studies in Japan have shown that PLWH believe that coordinating nurses can respond to them anytime and anywhere and have considerable knowledge about HIV infection and treatment (Misao, Yamada, Ikeda, & Ishihara, 2000) . So PLWH who are treated at ACC usually maintain greater than 90% adherence, owing to the nurses' contributions as well as assistance from physicians, pharmacists, and social workers. So it is beneficial for AIDS-CH hospitals to allocate nurses specialized in HIV nursing like ACC coordinating nurses, who are trained to supply PLWH with sufficient HIV care; assessment, diagnosis of nursing problems, coordination, consultation, patient education, expansion of the patient's support network, and administrative or office work (Misao et al., 2000) . But unfortunately, not all AIDS-CH have allocated such HIV specialized nurses (Maeda, Minamiie, & Watanabe, 2005; Seo et al., 2008) .
It is essential to establish evidence about the influence of specialized nurse allocation on clinical outcome in order to facilitate active training and nurse allocation. A recent study which focused on educational activity at outpatient clinic has clearly shown that AIDS-CH which allocates HIV specialized nurse provides more frequent and detailed education than AIDS-CH without HIV specialized nurse. (Seo et al., 2010) . However, this study possesses moderate persuasiveness because it was based on nurses' subjective evaluation about their educational activity. The purpose of this study was to investigate the effect of allocating specialized nurses to care for PLWH at outpatient clinic on objective, biological and clinical outcomes related to ART in retrospective cohort design. A prospectus of this study and a written request to participate was sent to a representative of all 369 AIDS-CH in August 2006. A self-administered questionnaire and data record forms were sent to the hospitals after written consent was obtained by mail. All the protocol of this study was approved by Institutional Review Board of International Medical Center of Japan.
METHODS

Measures
Nurse allocation status All institutions were asked whether they allocated nurses specialized in HIV care to the outpatient department during observation period.
PLWH information
A representative of each hospital was asked to transfer the following PLWH's information, characteristics and date of event occurrence in each PLWH, from medical records to the data record form.
PLWH's basic characteristics at baseline. The baseline period of each patient was defined as the beginning of ART. Then following characteristics at baseline were obtained from medical records: age (by 10 years), sex, infectious route, disease stage [AIDS or Asymptomatic Carrier (AC)], CD4+ T cell count and viral load (HIV-RNA).
Treatment-related event. Occurrence and its time from baseline of following treatment-related events were recorded: ART interruption, achievement of viral suppression, viral relapse after achievement of viral suppression, consultation and discontinuation as well as resumption of consultation. Resumption of consultation was defined as consultation after more than one year.
Disease-related event. The onset of the following diseases and its time from baseline was recorded: (a) AIDS-related diseases Occurrence of Pneumocystis pneumonia, oesophageal candidiasis, cytomegalovirus retinitis, cytomegalovirus infection (except retinal infection), malignant lymphoma, cryptococcosis and progressive multifocal encephalopathy. (b) Sexually transmitted diseases Infections to Treponema pallidum (Syphilis), hepatitis B virus, hepatitis C virus, Chlamydia trachomatis, human papilloma virus (Condyloma acuminatum) and herpes virus type 2 (genital herpes).
Statistical analysis
First, the descriptive statistics of nurse allocation and PLWH information were tabulated. Second, PLWH were divided into two groups, "nurse allocated group" and "nurse nonallocated group," based on whether an HIV-specialized nurse had been allocated to the outpatient department when that patient began ART there.Though some hospital allocates specialized nurse in the middle of observation period, analysis was conducted based on baseline allocation status on the basis of Intent-to-Treat analysis in order to avoid overestimation of nurse allocation effect. The Wilcoxon rank sum test or Fisher's exact test was conducted for comparing background characteristics between the two groups at baseline. Kaplan-Meier survival curves were constructed to assess differences between the two groups in the percentage of event occurrence during the observation period. The log-rank test was conducted to investigate the difference in occurrence of each event. A Cox proportional hazards model was established to conduct time analysis by adjusting base line characteristics. A p less than .05 was considered statistically significant in all analyses.
RESULTS
A total of 39 institutions consented to participate in this study. Of these, 23 did not send back the questionnaire and/or PLWH information record form. Finally, time data of 116 PLWH from 16 institutions were taken into statistical analysis. Of all the 116 PLWH, 98 were allocated a nurse specialized in HIV (nurse allocated group), whereas 21 were not (nurse nonallocated group). Table 1 shows the basic characteristics of PLWH at baseline. There was no difference in basic characteristics between the two groups. The average observation period was 32.4 ± 11.4 months (range, 18-54 months). ART interruption, consultation discontinuation and resumption of consultation were not observed during the entire observation period. The new onset of AIDS-related and sexually transmitted diseases was also not observed.
All 95 PLWH in the nurse allocated group achieved viral suppression while two in nonallocated group failed to achieve viral suppression. According to the Kaplan-Meier method (Figure 1 ), viral suppression was achieved more immediately after beginning of ART in the nurse allocated group than nonallocated group (p < .0001, log-rank test). Table 2 shows the result of Cox regression analysis that investigated the influence of nurse allocation on viral suppression, adjusting for sex, age, disease stage and viral load at baseline. CD4+ T cell count was not considered in the model because it had a strong correlation with the disease stage. Nurse allocation significantly influenced on achievement of rapid viral suppression after adjusting these baseline characteristics (hazard ratio, 2.462; 95% confidence interval, 1.408-4.307). Figure 2 shows the Kaplan-Meier curve of viral relapse after achievement of viral suppression. The viral relapse occurred in four of 95 PLWH (4.2%) in the nurse allocated group and five of 19 PLWH who had once achieved viral suppression (26.3%) in the nonallocated group. PLWH in the nurse allocated group maintained viral suppression better than PLWH in the nonallocated group (p = .0032, log-rank test).
Cox regression analysis also shows that allocation of nurse leads to prevention of viral relapse after achievement of viral suppression (hazard ratio, 0.183; 95% confidence interval, 0.046-0.723; Table 3 ).
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DISCUSSION
This study showed that nurse allocation was an essential factor for rapid achieving and assured maintaining viral suppression, which are the absolute objectives of ART. Previous research has shown that viral load, age and CD4+ T cell count at the start of ART have a strong relationship with the effect of ART Note. AC = asymptomatic carrier; SE = standard error; CI = confidence interval. Note. AC = asymptomatic carrier; SE = standard error; CI = confidence interval. (Antiretroviral Therapy Cohort Collaboration, 2008; Murri et al., 2006; Touloumi et al., 2006; Wu et al., 2004) . Nurse allocation showed stronger influence than these factors in the multivariate model. Thus, nurse allocation plays an important role in the success of ART independent of other factors. The primary purpose of education at the outpatient department is to improve PLWH's adherence to medication, since adherence to medication is the most important factor for successful ART (Bangsberg, 2008; Bangsberg et al., 2001; Lima et al., 2009 ). Allocation of HIVspecialized nurses to outpatient care gives better support for improving adherence to PLWH. Such superior care for good adherence would be a cause of improvement in the outcome of ART shown in this research.
Influence of Nurse Allocation on Clinical
The Japanese Ministry of Health, Labour and Welfare encourages AIDS treating hospital to prepare HIV treatment system by providing an additional medical fee for HIV treatment to hospitals having the following five resources in their HIV treatment system: HIV-specialized doctor, HIV-specialized nurse, pharmacist, medical social worker and a private consultation room. Hospitals satisfying these requirements are considered to be capable of providing sufficient care to PLWH. AIDS-CHs were established based on the philosophy that PLWH can easily receive adequate medical care at every hospital. So all the AIDS-CHs are desired to satisfy these requirements and provide equal medical care to PLWH. However, this study shows that difference in institutional HIV treatment system, which is represented by nurse allocation in this study, influences clinical outcome. Immediate maintenance of the infrastructure of the care for the PLWH is needed. However, the maintenance status of this HIV treatment system is strongly influenced by the number of PLWH treated by these hospital (Seo et al., 2008) . Hospitals treating a number of PLWH tend to have a substantial HIV treatment system. On the other hand, hospitals which treat less PLWH do not have sufficient care system for PLWH. This phenomenon seems to be natural. But from the viewpoint of medical equality, the treatment infrastructure must be prepared in all AIDS-CH in spite of the number of PLWH. This effort will also solve the problem of PLWH maldistribution.
Some of the limitations of this study are mentioned below. First, all data were collected from the medical charts of PLWH who permitted us to access their charts. So data of PLWH who died by June 2006 were not included because of ethical considerations. Thus, this sampling method would result in an overestimation of the effectiveness of specialized nurse allocation with regard to viral relapse after achievement of viral suppression, discontinuation of consultation and onset of AIDS-related and sexually transmitted diseases, because these events may have occurred at a high rate in the PLWH who died. Secondary, limitations related to sample size should be mentioned. Though this study tried to recruit all the AIDS-CH, institutional acceptance rate was disappointingly low. So sample in current study might be biased. Moreover, small sample size causes methodological limitation for further analysis which adjusting possible confounding factor other than those taken into the regression model in this study. Especially, the small number of sample PLWH with unfavorable events inhibited detailed analysis for adverse events. Therefore, the external validity of this study was limited to the PLWH who underwent their treatment effectively. Thirdly, the lack of data of the ART regimen is also a limitation. All PLWH in this study were treated at an AIDS-CH following the standard treatment regimen. There was no particular change in the treatment regimen during observation period in this study. Therefore, it is difficult to consider that the internal validity was weakened by this limitation. However, careful consideration was needed when extrapolating the results of this study to the PLWH treated by the newly developed protocol after observation in this study. Furthermore, it is unclear which activity of nurses specialized in HIV influences clinical outcome of PLWH. From the clinical perspective, it would be useful to clarify relationship between educational practice of staffed specialized nurses and PLWH's clinical outcome. Further research focusing on this clinical point is needed to facilitate active maintenance of HIV nursing infrastructure.
